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I t i s  a  s i n e  q u a  n o n  t h a t :  i f  a  f i s h  i s  t o  l i v e ,  i t  m u s t  ! ! a v e  w a t e r .  ' I t  i s  n o t  s u f f i c i e n t ,  h o w e v e r ,  
. .  
•  t o  c e n s i d e r  t h e  d i s t r i b u t i o J ; 1  o f  f r e s h w a t e r  f i s h e s  e n t i r e l y  i n  t e r m s  o f  t h e  a m o u n t  o f  w a t e r  i n  
:  t h e  f o r m  o f  l a k e s ,  r i f e r s ,  s t r e a m s  a n a  m a r s h e s  t h a t  a r e  n o w ,  o r  h a v e  b e e n  i n  t h e  p a s t ,  a v a i l -
,  a b l e  t o  m a k e  t h e  e x i s t e n < ; e  o f  f i s h e s  i n  t h e m ' p h y s i c a l l y  p o s s i b l e .  A s  w e l l  a s  t h e  p h y s i c a l  f a c t o r s   
i n h e r e n t  i n  t h e  s h e e r  e x i s t e n c e  o f  w a t e r ,  t h e r e  a r e  a l s o  e c o l o g i c a l  f a c t o r s  w h i c h  a f f e c t  t h e   
d i s t r i b u t i o n  o f f i s h e s .  I  d o  n o t  p r o p o s e  i n  t h i s  s h o r t  p a p e r  t o  d i s c u s s  v e r y  m u c h  t h e  p h y s i c a l   
( a c t o r s  o f  t h e  a v a i l a \ } i l i t y  o f  w a t e r ,  w a t e r s h e d s ,  b a r r i e r s  a n d  s o  f o r t h :  W h i l e  m~h r e m a i n s  
~
 
t o  b e  d o n e ,  s u c h  a s p e c t s  o f  t h e  d i s t r i b u t i o n  h a v e  b e e n  d i s c u s s e d  ( f o r  t h e  a r e a  i n  q u e s t i o n )   
b y ,  a m o n g  o t h e r s ,  W o r t h i n g t o n  ( 1 9 3 3 ) ,  R i c a r d o  ( 1 9 4 3 ) ,  d e  B e a u f o r t  ( 1 9 5 1 )  a n d  P o l l  ( 1 9 5 7 ) .   
C o m p a r a t i v e l y  l i t t l e  i s  k n o w n ,  h o w e v e r ,  o f  t h e  e c o l o g i c a l  f a c t o r s  i n v o l v e d ,  a n d  i t  i s  t h e  m a i n   
~urpose o f  t h e  p r e s e n t  p a p e r  t o  d i s c u s s  s o m e  o f  t h e s e  a s p e c t s .   
: . ;  ,  T h e  f r e s h  w a t e r s  o f  t r o p i c a l  s o u t h e r n  A f r i c a  i n c l u d e  t w o  l a r g e  R i f t  V a l l e y  l a k e s ,  T a n g a n -
- y i k a  a n d  N y a s a ,  a  s e r i e s  o f  s m a l l e r  l a k e s ,  a n d  a  w i d e  r a n g e  o f  r i v e r s ,  s t r l ; a m s ,  s w a m p s  a n d  
I . J ' " · ·  
m a r s h e s .  F i s h e s  a r e  w i d e l y  d i s t r i b u t e d  i n  t h e s e ,  v e r y  o f t e n  d i s c o n t i n u o u s l y ,  a n d  i t  i s  c l e a r   
t h a t  e c o l o g i c a l  f a c t o r s  p l a y a  l a r g e  p a r t  i n  t h i s  d i s t r i b u t i o n .  W e  a r e  v e r y  f a r  f r o m  h a v i n g  e v e n   
a n  e m p i r i c  k n o w l e d g e  o f  e a c h  f i s h ;  w h e n  w e  d o ,  m a n y  o f  t h e  p r e s e n t  d i f f i c u l t i e s  c o n f r o n t i n g   
t h e  s t u d e n t  o f , d i s t r i b u t i o n  w i l l l ' r o b a b l y  f a l l  a w a y .  '  "   
,_~I..'~ A t  t h e  b e g i n n i n g  o f  a  f i s h ' s  l i f e ,  a s  e g g ,  a l e v i n  o r  f r y ,  i t  s e e m s  t h a t  t h e  m o s t  i m p o r t a n t  
! ( , .  f  o l o g i c a l  r e q u i r e m e n t s  o f  t h i s  s t a g e  a r e  c o v e r ,  a  r e f u g e  f r o m  p r e d a t o r s ,  a n d  f o o d .  T h e  t h e o r y  
. . . . . . . , .  :  b e e n  p u t  f o r w a r d  b y  J a c k s o n  ( 1 9 6 1 b )  t h a t ,  i n  o r d e r  t o  p t a c e  t h e  e g g s  a n d  y o u n g  i n  a n  
e n v i r o n m e n t  w h e r e  t h e s e  r e q u i r e m e n t s  c a n  b e  m e t ,  p a r e n t  f i s h e s  u n d e r t a k e  a n  a n n u a l  s p a w n - 
i n g  m i g r a t i o n .  E v e n  i n  o u r  p r e s e n t  l i m i t e d  s t a t e  o f  k n o w l e d g e  a  l i s t  o f  s u c h  k n o w n  s p a w n i n g   
m i g r a t i o n s  i s  i m p r e s s i v e .  T h e  m o v e m e n t  i s  a l w a y s  u p s t r e a m ,  a n d  k n o w n  m i g r a t i o n s  i n c l u d e   
b o t h  e x t e n d e d  m o v e m e n t s  u p  l a r g e  r i v e r s  i n t o  s m a l l e r  t r i b u t a r i e s ,  s w a m p s  a n d  f l o o d - p l a i n s ,   
a n d  a l s o  m a n y  c a s e s  o f  a n a d r o m e s i s  f r o m  l a r g e  l a k e s  i n t o  a f f l u e n t  r i v e r s .  A s  W h i t e h e a d   
( 1 9 5 9 )  h a s ' r e m a r k e d ,  m i g r a t i n g  f i s h e s  m u s t  h a v e  t h e  l b i l i t y  t o  t o l e r a t e  a  w i d e  r a n g e  o f  e n v i r o n -
. ;   
m e n t a l  c Q . d i t i o n s ,  s u c h  a s ,  i n  t h e  c a s e  o f  a n a d r o m o u s  f i s h e s ,  t h o s e  t h a t  e x i s t  b e t w e e n  r i v e r   
a n d  l a k e .  .   
•
I t  c a n  b e  s e e n  t h a t  w e  h a v e  h e r e  a  c a s e  w h e r e  e c o l o g i c a l  f a c t o r s  c a n  a f f e c t  d i s t r i b u t i o n .   
~le t h e  u r g e  t o  m i g r a t e  m a y  b e  p r i m a r i l y  f o r  s p a . w n i n f t a n d ,  a c c o r d i n g  t o  J a c k s o n ' s  ( 1 9 6 l b )   
t h e o r y ,  m o t i v a t e d  p r i m a r i l Y . J > Y  t h e  p o w e r f u l  u r g e  t o  p l a c e  t h e  e g g s  a n d  y o u n g  i n  a n  e n v i r o n -
. . . .  
2 2 3  
. .  
.  A n n .  C a p e  P r o v o  M u s .  I I .  1 9 6 2 .  S o u t h  A f r i c a .  
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E C O L O G I C A L
P .  B .  N .  J A C K S O N  
m e n t  m o s t  s u i t e d  f o r  t h e i r  s u r v i v a l ,  i t  c a n  r e a d i l y  b e  s e e n  t h a t  t h e  v e r y  f a c t  t h a t  s u c h  a  s t r o n g  
F a l l s  o n  t h e :  
m i g r a t o r y  u r g e  e x i s t s  i s  i n  i t s e l f  a  p o t e n t  m e c h a n i s m  f o r  t h e  d i s t r i b u t i o n  o f  f r e s h w a t e r  f i s h e s .  
w h o  f o u n d  
S p e c i e s  o f  f i s h  w h i c h  u n d e r t a k e  l o n g  a n d  o f t e n  a r d u o u s  m i g r a t i o n s  a t  r e g u l a r  i n t e r v a l s  a r e  
I t  i s  p O !  
i p s o  f a c t o  i n  a  g o o d  p o s i t i o n  t o  c o l o n i z e  n e w  w a t e r s  w~~these b e c o m e  a v a i l a b l e ,  a s ,  f o r  
t h e  e c o l o g i c !  
e x a m p l e ,  w h e n  a  r i v e r  c h a n g e s  i t s  c o u r s e  o r  a  b a r r i e r  b r e a _ _ o w n  i n  t h e  c o u r s e  o f  g e o l o g i c a l  
p r e f e r e n c e  f l  
t i m e .  
o f  ' t h o s e  r i v  
T h e  p o s i t i o n  o f  s u c h  m i g r a t o r y  s p e c i e s  m a y  b e  c o n t r a s t e d  w i t h  t h a t  o f  t h e  s p e C i e s  w h i c h  
" r e s e r v o i r "
t  
e x i s t ,  o f t e n  i n  s p e c i e s - f l o c k s  o f  c l o s e l y  r e l a t e d  s p e c i e s ,  i n  t h e  G r e a t  L a k e s  o f  M r i c a ,  s u c h  a s  
c l a s s  o f  r i v e  
I
( i n  t h e  a r e a  u n d e r  r e v i e w )  l a k e s  N y a s a  a n d  T a n g a n y i k a ,  a n d  a r e  e n d e m i c ,  e a c h  t o  a  p a r t i c u l a r  
o f  K a r i b a ,  a  
l a k e .  I t  i s  a  r e m a r k a b l e  f a c t  t h a t  t h e s e  e n d e m i c  s p e c i e s  d o  n o t  m i g r a t e  o u t  o f  t h e  l a k e  u p  
g r o w n  U p p c  
d r y  s e a s o n ,  ,  
r i v e r s  t o  s p a w n  t o  a n y w h e r e  n e a r  t h e  s a m e  e x t e n t  a s  d o  t h o s e  w h i c h  a r e  e i t h e r  n o n - e n d e m i c  
o r  a r e  c l o s e l y  r e l a t e d  t o  a  m o r e  w i d e l y  d i s t r i b u t e d  s p e c i e s .  I n  d i s c u s s i n g  t h i s  p h e n o m e n o n  
c h r o m i s  r o b l
1
w i t h  r e g a r d  t o  t h e  a n a d r o m o u s  f i s h e s  o f  L a k e  V i c t o r i a ,  W h i t e h e a d  ( I 9 5 9 )  h a s  t h i s  t o  s a y  
t h a t  c o n d i t i l  
N o w  i t
( p .  3 4 3 ) :  " A m o n g s t  t h e  a n a d r o m o u s  f i s h e s  o f  L a k e  V i c t o r i a  s p e c i a t i o n  n o w h e r e  a p p r o a c h e s  
p a s t  p l u v i a l  
t h e  l e v e l  f o u n d  f o r  e x a m p l e  i n  t h e  s t a t i c  c i c h l i d  s p e c i e s  o f  t h e  l a k e .  T h e  a n a d r o m o u s  f i s h e s  
. . .  a r e  a b l e  t o  overcom~ l a r g e  m i c r o - e n v i r o n m e n t a l  b a r r i e r s  i n  t e m p e r a t u r e ,  s u b s t r a t e ,  f e e d - " - - - I  
V  m a d e  i t  m O l  
.  t h e  w h o l e  I e
i n g  p o s s i b i l i t i e s ;  e t c . ,  b a r t i e r s  w h i c h  a p p e a r  t o  i s o l a t e  m a n y  o f  t h e  m o r e  s p e c i a l i s e d  l a k e  
f o r m s , "  
w a s  n o  l o n g  
p o p u l a t i o n s
I t  t h u s  s e e m s  p~ssi~le t o  r e a c h  t h e  f o l l o w i n g  c o n c l u s i o n  w i t h  r e g a r d  t o  t h e  d i s t r i b u t i o n  
b y  t h e  f a c t  
o f  f i s h e s  i n  t r o p i c a l  s o u t h e r n  A f r i c a .  T h i s  i s  t h a t  d i s t r i b u t i o n  o v e r  w i d e  a r e a s  o f  t h e  s u b -
S e r r a n o c h r o
c o n t i n e n t  i s  l i m i t e d  t o  t h o s e  u n s p e c i a l i z e d  f i s h e s  o f  m i g r a t o r y  h a b i t  w h i c h  a r e  n o t  e n d e m i c  
b o t h  o f w h i l  
t o  a  l a k e .  T h e  n a r r o w e r  e c o l o g i c a l  r e q u i r e m e n t s  o f  t h e  l a k e  e n d e m i c s  a p p e a r ,  i n  o u r  p r e s e n t  
m a y  b e  r e m  
s t a t e  o f  k n o w l e d g e ,  t o  m a k e  i t  i m p o s s i b l e  f o r  t h e m  t o  d i s t r i b u t e  t h e m s e l v e s  i n  a n y  w a t e r ,  n o  
p o p u l a t i o n '
m a t t e r  h o w ; a d j a c e n t ,  o t h e r  , t h a n  t h a t  l a k e  t o  w h i c h  t h e y  a r e  e n d e m i c .  T h e r e  a r e  d o z e n s  o f  
g e n e r a  a n d  h u n d r e d s  o f  s p e c i e s ,  e s p e c i a l l y  t h o u g h  n o t  e x c l u s i v e l y  o f  t h e  f a m i l y  C i c h l i d a e ,  
I
I  
W o r t h i  
k n o w n  f r o m  L a k e  T a n g a n y i k a  a n d  L a k e  N y a s a ,  b u t ,  a p a r t  f r o m  t h o s e  a n a d r o m o u s  f i s h e s  
. '  a n d  n e i g h b l  
c l o s e l y  r e l a t e d  t o  s p e c i e s  o . u t s i d e  w h i c h  a r e  m e n t i o n e d  a b o v e ,  n o  r e c o r d s  e x i s t  o f  a n y  o f  t h e s e  
t o r t u o u s  c o  
e n d e m i c s  b e i n g  f o u n d  i n  r i v e r s ,  m a r s h e s ,  e t c . ,  e v e n  w h e r e  n o  l a r g e  b a r r i e r s  e x i s t  a n d  n o n -
a g a i n ,  p a s t  j  
e n d e m i c  f i s h e s  f r o m  t h e  s a m e  l a k e  a r e  k n o w n  t o  m i g r a t e  t h e r e .  
e c o l o g i c a l l y  
I t  h a s  l o n g  b e e n  k n o w n  ( T r e w a v a s ,  1 9 4 9 )  t h a t  t h e s e  e n d e m i c  l a k e  s p e c i e s  a r e  o f t e n  
a l t e r n a t i v e  1  
b e a u t i f u l l y  a d a p t e d  t o  i n d i v i d u a l  v e r y  d e f i n i t e  e n v i r o n m e n t s  w i t h i n  t h e  l a k e .  S u c h  a d a p t a t i o n s  
l o w e r  r e a c h  
a r e  v e r y  o f t e n  r e f l e c t e d  i n  t h e  d e n t i t i o n ,  w h i c h  i n  t h e  v a r i o u s  s p e c i e s  i s  m o d i f i e d  t o  v a r i o u s  
T h i s  r e c o r d :  
f e e d i n g  h a b i t s .  I t  s e e m s  t h a t  t h e s e  a n d  o t h e r  s p e c i a l i z a t i o n s  p r e c l u d e  t h e  l a k e  e n d e m i c s  f r o m  
b e t w e e n  t h e  
d i s t r i b u t i n g  t h e m s e l v e s  m o r e  w i d e l y .  T h e  q u e s t i o n  o f  t h e i r  d i s t r i b u t i o n  i n t o  s u i t a b l e  m i c r o -
( C h a m b e z i )  
e n v i r o n m e n t s  w i t h i n  t h e i r  p a r e n t  l a k e  i s  i n  i t s e l f  a  p r o b l e m  w h i c h  f a l l s  i n t o  t h e  s c o p e  o f  t h e  
w o u l d  b e  f r  
p r e s e n t  p a p e r ,  b u t  t i m e  d o e s  n o t  a l l o w  i t  t o  b e  f u r t h e r  d i s c u s s e d .  
t h e n  i n t o  1 .  
r  
,  e n t e r i n g  t h e
T h e  s u i t a b i l i t y  o f  t h e  e n v i r o n m e n t  i s ,  o f  c o u r s e ,  a l l - i m p o r t a n t .  A  s p e c i a l  a s p e c t  o f  t h e  
"  '~ongwe a n i
q u e s t i o n  o f  e c o l o g i c a l  f a c t o r s  a f f e c t i n g  t h e  d i s t r i b u t i o n  o f  f r e s h w a t e r  f i s h e s  i s  t h e  c a s e  o f  th~. j
I  
e n v i r o n m e n t  b e c o m i n g ,  i . n  t h e  c o u r s e  o f  t i m e ,  u n s u i t a b l e  f o r  a  p a r t i c u l a r  s p e c i e s ,  w h i c h  the~ 
V  n e c e s s a r y  t  
i  
R i v e r  t o - d a  
d i e s  o u t  i n  t h e  a r e a  a f f e c t e d  b y  t h e  c h a n g e .  S u c h  c a s e s  a r e  w e l l  k n o w n  i n  g e n e r a l ,  b u t  h a v e  
i n  i t .  
b e e n  l i t t l e  s t u d i e d  i n  f r e s h w a t e r  f i s h ,  a m o n g s t  w h i c h  o u r  k n o w l e d g e  o f  t a x o n o m y  a n d  e c o l o g y  I  
h a s  m o s t l y  b e e n  i n s u f f i c i e n t  t o  a l l o w  o f  w o r k  o n  t h i s  q u e s t i o n .  
T h e c a  
O n e  s u c h  p r o b l e m  i s  t h a t  o f  t h e  d i s t r i b u t i o n  o f  t h e  l a r g e - m o u t h  " b r e a m "  S e r r a n o c h r o m i s  
t h a t  ecolo~ 
r o b u s t u s  ( G u n t h e r )  i n  t h e  Z a m b e z i  s y s t e m .  T h e  q u e s t i o n  h e r e  i s  t h a t  t h i s  w e l l - k n o w n  s p e c i e s  
r e g a r d i n g  i  
o c c u r s  i n  s u i t a b l e  h a b i t a t s  i n  L a k e  N y a s a  a n d  t h e  U p p e r  S h i r e  R i v e r ,  a n d  w a s  o r i g i n a l l y  
O n e  f a c t o r  
d e s c r i b e d  f r o m  t h i s  a r e a .  B u t  w h a t  i s ,  i n  t h e  p r e s e n t  s t a t e  o f  o u r  t a x o n o m i c  k n o w l e d g e ,  c o n -
f i s h e s  a r e  I i  
s i d e r e d  t o  b e  t h e  s a m e  s p e c i e s ,  a n y  k n o w n  d i f f e r e n c e s  b e i n g  t h o u g h t  t o  b e  o f  s u b s p e c i f i c  
s p r e a d  T i l l  
i . 4 n p o r t a n c e  a t  m o s t ,  o c c u r s  a g a i n  i n  t h e  U p p e r  Z a m b e z i / O k o v a n g o / K a f u e  a r e a .  I t  i s  n o t  
l i m i t e d  t o  
k n o w n  f r o m  a n y w h e r e  a l o n g  t h e  Z a m b e z i  R i v e r  i n  b e t w e e n .  T h i s  c a s e  o f  d i s c o n t i n u o u s  d i s -
b r a c k i s h  l a  
t r i b u t i o n ,  w h e r e  t h e  M u r c h i s o n  C a t a r a c t s  o n  t h e  S h i r e  R i v e r  a r e  s e p a r a t e d  f r o m  t h e  V i c t o r i a  
s p e c i e s ,  s u  
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• ] ACKSON ECOLOGICAL FACTORS AFFECTING DISTRffiUTION OF FRESHWATER FISHES IN TROPICAL!fA. 
!Uch a strong 
lwater fishes. 
Falls on the Zambezi by a water distance of approximately 1,500 km., has puzzled taxonomists 
who found it difficult to recognize the same species from two such widely separated areas. 
intervals are It is possible that this question may be resolved, at least in part, by considering some of 
table, as, for 
of geological 
the ecological factors involved. S. robustus, like all other members of the genus, has a dist~ct 
preference for water in which there is a good deal of aquatic vegetation; it is, in fact, a fish 
of those rivers for which I have in an earlier paper (Jackson, 1961a) proposed the term 
:pecies which 
'rica, such as 
) a particular 
, the htke up 
non-endemic 
"reservoir" rivers. No case is known of a Serranochromis species inhabiting the other broad 
class of river, the "sand-bank" river of which the Middle Zambezi was, before the advent 
of Kariba, a typical example. Here the river, in contrast to the often marshy and always well-
grown Upper Zambezi, dwindled to a comparative trickle between sand-banks during the 
dry season, with very little aquatic vegetation. Thus it is probable that the reason why Serrano-
phenomenon 
s this to say 
~ approaches 
omous fishes ~ 
chromis robustus was absent from the long length of the Middle and Lower Zambezi was 
that conditions were ecologically unfavourable for it here during a large part of the year. 
Now it is possible to postulate that this was not always so. It is possible that, at some 
~, past pluvial period, higher rainfall and reservoirs of water flowing into the Middle Zambezi 
bstrate, feed-t 4 
:cialised lake ~-
made it more like the Upper Zambezi than it is now, so that S. robustus was able to inhabit 
/ the whole length of the river. When these favourable conditions came to an end, the fish 
was no longer able to exist in the middle and lower reaches, thus breaking the link between the 
~ distribution populations in the Upper Zambezi and Upper Shire. Weight may be added to this theory 
; of the sub-
not endemic 
by the fact that, though the fish is absent from the Middle Zambezi River, occurrences of a 
Serranochromis have been reported from isolated parts of the Kalomo and Luansemfwa rivets, 
lour present 
ny water, no 
Ie dozens of 
both of which flow into the Middle Zambezi. If such isolated populations do occur here, they 
may be remnants, which have survived in a favourable place, of a once much more extended 
population which at one time existed along the length of the Zambezi. 
ly Cichlidae, Worthington (1933) favoured also the view that communic;ation between the Nyasan 
omous fishes and neighbouring faunas took place along the Zambezi, but via the Kafue, which, after a 
.any of these tortuous course, enters the Middle Zambezi some 480 km. below the Victoria Falls. Here, 
ist and non- again, past favourable conditions must have occurred to make the Middle and Lo,wer Zambezi 
ecologically habitable for such species as Serranochromis robustus from this point down. An 
es are often alternative theory, which can imply that S. robustus was never at any time in the middle and 
I adaptations 
:d to various 
lower reaches of the Zambezi, is also mentioned by Worthington (ibid., p. 288, footnote). 
This records that Captain C. R. S. Pitman had observed a definite channel of communication 
demics from between the Rhodesian Congo and the Zambezi, between the upper r~ches of the Luapula 
ltable micro- (Chambezi) and the Luangwa rivers. For S. robustus, the line of communication in this case 
scope of the would be from the Upper ZambezijKafue through the Rhodesian Congo (where it is known) 
then into the Luangwa. From the Luangwa a similar process might have led to the fish 
tspect of th~A 
e case of thy- ~ 
, which then . 
:al, but have 
'and ecology 
rranochromis 
lown species 
:1S originally 
wledge, con-
f subspecific 
:1. It is not 
...... 
I 
I 
-I 
i 
entering the headwaters of some of the rivers which enter northern 'Lake Nyasa, such as the 
r'-Songwe and the North Rukurq. Again, however, the ecological factor comes in, and it is 
, /,~ecessary to postulate a more favourable environment in the past, because the Luangwa 
River to-day is one of the sand-bank rivers of Africa, and S. robustus is not known to occur 
in it. 
The case of one species of fish has been put forward in some detail to illustrate the point 
that ecological preferences of a species must be understood in order to elucidate problems 
regarding its distribution. In general, ecological factors affect distribution in many ways. 
One factor very important in freshwater fishes is that of water temperature. Most tropical 
fishes are limited in distribution by being very sensitive to a temperature drop. Thus the wide-
spread Tilapia mossambica Peters in its southward distribution becomes more and more 
limited to the lower altitudes nearer the sea until it is finally confined to river mouths and 
ltinuous dis- brackish lagoons along the north-eastern South African seaboard. On the other hand some 
the Victoria species, such as the Mountain Catlet Amphilius platychir Gunther, are even in the most 
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P .  B .  N .  J A C K S O N  
E C O L O G I C A l  
t r o p i c a l  p a r t s  o f  o u r  r e g i o n  c o n f i n e d  t o  c o o l e r  u p l a n d  s t r e a m s .  A n o t h e r  f a c t o r  i s  t h e  n e e d  
I t  i s  W I  
f o r  c o v e r ,  espe~ially f o r  s m a l l e r  s p e c i e s  w h i c h  a r e  m o r e  l i a b l e  t o  p r e d a t i o n  b y ,  e . g . ,  t h e  t i g e r -
t r i b u t i o n  0  
f i s h  H y d r o c y o n  v i t t a t u s  C a s t e l n a u ,  t h a n  a r e  t h o s e  w h i c h  r e a c h  a  f a i r l y  l a r g e  s i z e  w h e n  a d u l t .  
A  s i n g l e  f f i l  
I n  t h i s  r e g a r d  J a c k s o n  ( 1 9 6 1  b )  g i v e s  a  t a b l e  s h o w i n g  t h a t  t h e  n u m b e r  o f  f i s h  s p e c i e s  k n o w n  
a n d  t h e  U t :  
f r o m  t h e  M i d d l e  Z a m b e z i  i s  v e r y  c o n s i d e r a b l y  l e s s  t h a n  t h o s e  w h i c h  a r e  k n o w n  f r o m  t h e  
Tanganyik~ 
a d j a c e n t  K a f u e  a n d  U p p e r  Z a m b e z i  s y s t e m s .  ' M o r e o v e r ,  o n l y  2 8 · 6  p e r  c e n t  o f  t h e  M i d d l e  
f l o w i n g  r i v ,  
Z a m b e z i  f i s h e s  g r o w  t o  a  l e n g t h  l e s s  t h a n  a b o u t  1 8  e m .  w h e n  a d u l t ,  a s  a g a i n s t  5 5 ·  5  p e r  c e n t  
e x i s t s  i n  L l  
f r o m  t h e  U p p e r  Z a m b e z i  a n d  6 5 ·  5  p e r  c e n t  f r o m  t h e  K a f u e ,  w h e r e  t h e r e  i s  b e t t e r  g r o w t h  
o f  t h e  R h o .
]
o f  a q u a t i c  v e g e t a t i o n  a l l  t h e  y e a r  r o u n d ,  
o r  L a k e  : t \  
T h e  w i d e  d i s t r i b u t i o n  o f  t h e  t o p - m i n n o w s  o f  t h e  f a m i l y  C y p r i n o d o n t i d a e  i n  t r o p i c a l  
e l e c t r i c u s  (  
s o u t h e r n  A f r i c a  c a n  b e  e x p l a i n e d  b y  t h e i r  s m a l L  s i z e  a n d  a b i l i t y  t o  c o l o n i z e  a n d  l i v e  i n  t h e  y e t  u n k n o v  
s h a l l o w e s t  o f  w a t e r s ,  p r o v i d e d  c o n d i t i o n s  o f  t e m p e r a t u r e  a r e  s u i t a b l e  a n d  t h e r e  i s  s u f f i c i e n t  i t  d o e s  n o t  
a q u a t i c  v e g e t a t i o n .  O n e  g e n u s  o f  t h e  f a m i l y ,  t h e  b r i g h t l y  c o l o u r e d  N o t h o b r a n c h i u s  P e t e r s ,  
I n  t h e  b e l t  
t a k e s  i t s  a d a p t a b i l i t y  t o  a d v e r s e  p h y s i c a l  c o n d i t i o n s  f a r t h e r  t h a n  m o s t  i n  t h a t  i t  i s  b e l i e v e d  
i n c l u d i n g  1 1  
( V a n d e r p l a n k ,  1 9 4 1 )  t h a t  e g g s  a r e  l a i d  w h i c h  a r e  d r o u g h t - r e s i s t a n t ,  a n d  c a n  r e m a i n  a l i v e  i n  /~':. 
b e l t  i t  r e a t :  
t h e  m u d  o f  a  d r i e d - u p  s w a m p  u n t i l  t h e  a d v e n t  o f  r a i n  r e f i l l s  t h e  s w a m p  w i t h  w a t e r .  I t  i s  c l e a r  U  T h e  a t
J '
t h a t  f i s h  w i t h  t h i s  a b i l i t y  a r e , w e l l  e q u i p p e d  t o  s u r v i v e  w h e n  o t h e r  f i s h  c o u l d  n o t ,  a  f a c t  c o n - c l e a r  t h a t  i  
d u c i v e  t o  w i d e  d i s t r i b u t i o n .  s i d e r a t i o n .  
I  m a y  f i n a l l y  s t r e s s  t h a t  i t  i s  t h e  e u r y t r o p i c  f i s h ,  a b l e  t o  t o l e r a t e  a  r a n g e  o f  h a b i t a t ,  t h a t  
b e  c o n s i d e l  
i s  a t  o n c e  m o s t  l i k e l y  t o  h a v e  a  w i d e  r a n g e  o f  d i s t r i b u t i o n  a n d  l e a s t  l i k e l y  t o  s h o w  a n y  m a r k e d  
f a c t o r s ,  s u e  
d i s c o n t i n u i t y .  I n  g e n e r a l ,  t h e  f a m i l y  C l a r i i d a e  a f f o r d  a  w i d e  r a n g e  o f  e x a m p l e s  a n d  f i e l d s  f o r  
b e l o n g i n g  t  
f u r t h e r  s t u d y .  T h e  g e n e r a  a n d  s u b g e n e r a  o f  t h i s  s i n g l e  f a m i l y  e x h i b i t  e v e r y  p h a s e ,  w h i c h  i s  
o f  t h e m  n e  
m o r e  o r  l e s s  a c c u r a t e l y  r e f l e c t e d  i n  t h e i r  d i s t r i b u t i o n ,  f r o m  t h e  w i d e s t  e c o l o g i c a l  t o l e r a n c e  t o  
r e s e a r c h  h a  
t h e  n a r r o w e s t  s p e c i a l i z a t i o n .  M u c h  r e s t s  h e r e  o n  t h e  d e v e l o p m e n t  a n d  u s e  o f  t h e  s u p r a -
l e d g e  w e  h a  
b r a n c h i a l  o r g a n ,  w h i c h  p e r m i t s  e x i s t e n c e  i n  f o u l  o r  v e r y  m u d d y  w a t e r .  S p e c i e s  o f  t h e  s u b -
t o  o u r  k n o  
g e n u s  C l a r i a s  ( H e t e r o b r a n c h i o d e s )  h a v e  a  w i d e  a n d  c o n t i n u o u s  d i s t r i b u t i o n  o f  t h e  c l i n a l  
t y p e ,  s o  t h a t  i t  i s  e x t r e m e l y ,  d i f f i c u l t  t o  i d e n t i f y  t h e  s p e c i e s  w h e r e  t h e  r a n g e  o f  o n e  s p e c i e s  
e n d s  a n d  t h a t  o f  t h e  n e x t  b e g i n s .  T h u s  C l a r i a s  ( H . )  g a r i e p i n u s  ( B u r c h e l l )  m e r g e s  a l m o s t  
i m p e r c e p t i b l y  i n t o  C .  ( H . )  m o s s a m b i c u s  P e t e r s ,  w h i c h  a g a i n ,  f u r t h e r  n o r t h ,  c a n  s c a r c e l y  b e  
E c o l o g  
d i s t i n g u i s h e d  f r o m  C .  ( H . )  l a z e r a  C .  &  V .  w h e r e  t h e  r a n g e s  o f  t h e  t w o  o v e r l a p .  T h e  s u b -
d i s t r i b u t i o r  
g e n u s  C l a r i d s  ( C l a r i a s )  i s  c o n s i d e r a b l y  l e s s  c a t h o l i c ;  t h e  f a c t o r  o f  t e m p e r a t u r e ,  a m o n g  o t h e r s ,  
e f f e c t  o n  e i l  
f a l l  m a y  f o
r e s t r i c t s  i t s  d i s t r i b u t i o n ,  a n d  o n l y  o n e  s p e c i e s  o f  t h i s  s u b g e n u s ,  C .  ( C . )  t h e o d o r a e  W e b e r  h a s  
a  r e a l l y  w i d e  d i s t r i b u t i o n .  T h e  g e n u s  H e t e r o b r a n c h u s  G e o f f r o y  i s  l a r g e l y  l i m i t e d  t o  l a r g e  
m a y  r e s t r i e  
t o  e x t e n d  t
r i v e r s  a n d  l a k e s ,  a n d  t h e r e  a r e  o t h e r  g e n e r a  a n d  s u b g e n e r a ,  e . g .  C l a r i a l l a b e s  B o u l e n g e r ,  e v e n  
i   
c a s e  o f  d i s , 
m o r e  r e s t r i c t e d .  .  .  
e n v i r o n m e r
O n e  o f  t h e  m o s t  r e m a r k a b l e  o f  t h e s e  g r o u p s  a r e  t h o s e  r e s t r i c t e d ,  a n d  e n d e m i c  t o ,  l a k e s  
.  c o n c e r n e d .
N y a s a  a n d  T a n g a n y i k a .  A  s p e c i e s - f l o c k  o f  e n d e m i c  c l a r i i d s  i s  k n o w n  f r o m  L a k e  N y a s a  
. .  . ' - l i k e l y  t o  h I
( J a c k s o n ,  1 9 5 9 ) ,  b u t  o n l y  o n e  f r o m  L a k e  T a n g a n y i k a .  T h e s e  b e h a v e  i n  t h e  s a m e  w a y  a s  d o : - '   
o t h e r  e n d e m i c  f o r m s  i n  t h e s e  l a k e s ,  b e i n g  s p e c i a l i z e d  t o  a  n a r r o w  m i c r o - e n v i r o n m e n t  a n d " , V  
' V '   
n e v e r  b e i n g  f o u n d  e v e n  i n  a f f l u e n t  r i v e r s  w h e r e  n o  l a r g e  b a r r i e r s  e x i s t .  G r e e n w o o d  ( 1 9 6 1 )   
s h o w s  t h a t  i n  t h e s e  R i f t  L a k e  e n d e m i c s  t h e  s u p r a b r a n c h i a l  o r g a n s  w h i c h  a r e  s o  s t r o n g l y   
D E  B E A U F O R T
d e v e l o p e d  i n  t h e  m o r e  e u r y t r o p i c  a n d  w i d e l y  d i s t r i b u t e d  m e m b e r s  o f  t h e  f a m i l y ,  a r e  i n  a l l  
G R E E N W O O D ,
c a s e s  p o o r l y  d e v e l o p e d  a n d  i n  s o m e ,  e n t i r e l y  a b s e n t .  F r o m  t h e  p o i n t  o f  v i e w  o f  d i s t r i b u t i o n ,  
c o m p a r a  
h o w e v e r ,  t h e  m o s t  r e m a r k a b l e  o f  G r e e n w o o d ' s  ( o p .  c i t . )  f i n d i n g s  i s  t h a t ,  o n  m o r p h o l o g i c a l  
Z o o ! '  7 (  
J A C K S O N ,  P .  :
g r o u n d s  a l o n e ,  t h e  s i n g l e  T a n g a n y i k a n  s p e c i e s  a n d  t h e  N y a s a n  s p e c i e s - f l o c k  a r e  a n a t o m i c a l l y  
a n d  s e v e  
s o  a l i k e  t h a t  t h e y  s h o u l d  a l l  b e  r e f e r r e d ,  i n  h i s  o p i n i o n ,  t o  t h e  s i n g l e  g e n u s  D i n o t o p t e r u s  
J A C K S O N ,  P .  I  
B o u l e n g e r .  T h i s  p r o v i d e s  a  m o s t  d i f f i c u l t  p r o b l e m  i n  t h e  f i e l d  o f  a n i m a l  d i s t r i b u t i o n  i n  
P r e s s .  
s o u t h e r n  A f r i c a .  H o w  i t  i s  t h a t  o f  a l l  t h e  g e n e r a  e n d e m i c  t o  e i t h e r  o n e  o f  t h e s e  t w o  w i d e l y  
J A C K S O N ,  P .  ]  
A f r i c a n  I  
s e p a r a t e d  l a k e s ,  t h i s  o n e  a l o n e  h a s  s u c c e e d e d  i n  c o l o n i z i n g  b o t h  i s  a  p u z z l e  i n  d i s t r i b u t i o n  
P O L L ,  M .  19~
t h a t  n o  o n e  y e t  h a s  a t t e m p t e d  t o  e x p l a i n .  .  
R I C A R D o - O n  
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B. N. JACKSON 
'actor is the need 
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ECOLOGICAL FACTORS AFFECTING DISTRIBUTION OF FRESHWATER FISHES IN TROPICAL S.A. 
It is well to end on a note of puzzlement, because there are problems enough in the dis-
tribution of fish to make the field a stimulating one for the student of animal distribution. 
A single member of the genus Bagrus Cuvier, B. meridionalis Gunther, occurs in Lake Nyasa 
and the Upper Shire, but is absent from the Zambezi system, the Rhodesian Congo or Lake 
Tanganyika, the genus not otherwise occurring nearer than the large lakes and eastward-
flowing rivers of East Africa. An endemic species-flock of the genus Chrisichthys Bleeker 
exists in Lake Tanganyika; there is only one, separate, species in the lakes and large rivers 
of the Rhodesian Congo and the genus is absent from any part of the Zambezi/Kafue system 
or Lake Nyasa. Finally the distribution of the well-known electric catfish Malapterurus 
electricus Gmelin is markedly discontinuous in the area under review, for some reason as 
yet unknown. There is a belt, extensively watered, right across the sub-continent in which 
it does not occur. North of the belt it occurs in the Middle Congo and Lake Tanganyika. 
In the belt itself it is absent from the Upper Zambezi and Kafue, the Rhodesian Congo, 
including lakes Mweru and Bangweulu, and Nyasaland, including Lake Nyasa. Below the 
belt it reappears again in the Middle and Lower Zambezi and the Pungwe. 
The above examples show that much remains to be discovered, but it nevertheless seems 
clear that it is not sufficient to take only physical characters of the environment into con-
sideration. Important and indeed essential as these are, there are also ecological factors to 
be considered which may in some cases prove to be of as great importance. Environmental 
factors, such as for example a waterfall, may prove to be a barrier to a whole range of species 
belonging to several families, but ecological factors are more individual. 'The understanding 
of them necessitates research into the ecology of individual species; .it may be, when such 
research has been done and the ecology of individual species better known, that the know-
ledge we have gained will contribute to a greater extent than we perhaps appreciate at present 
to our knowledge of the problems of animal distribution.' 
SUMMARY 
Ecological factors are probably as important as environm~nta.l factors in governing the 
distribution of fish in tropical southern Africa. These factors are more individual in their 
effect on either restricting or extending distribution than are environmental factors. A water-
fall may form a barrier to a large number of species, but a preference for weedy conditions 
may restrict only one of these. Examples are given of ecological tolerances- operating both 
to extend the range or limit the distribution of various species. In an as yet unexplained 
case of discontinuous distribution along the Zambezi, it is,,,postulated that changes in the 
environment put part of the area outside the range of ecological tolerance of the species 
concerned. Endemic lacustrine species, ecologically restricted to a narrow habitat, are less 
("_ likely to have a wide distribution than are those species with a wider ecological tolerance. 
.. ." . 
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